Molecular structure of the azo-dye derived from sulfonamide was synthesized. The elucidation of ligand and complex structures were studied by electronic, infrared and 1H NMR spectroscopies. Proton-ligand constants of sulphonamid azo-derivatives and the stability constant of Mo (III), VO (II), UO 2 (II) and Co (II) metal ions with sulfonamide azodye derivatives have been determined potentiometrically in 0.1 M KCl and 30% (v/v) ethanol-water mixture. The data are discussed in terms of the electronic character of the substituents and of the change in temperature. The pK 1-H values have been found to increase with increasing electron donating nature of the subsituents. The evaluated dissociation processes are non spontaneous, endothermic and entropically unfavourable. The order of the stability constants of the formed complexes was found to be Mo 3+ > VO 2+ > UO 2 2+ > Co 2+ . The influence of substituents on the stability of the complexes was examined on the basis of an electron repelling property of the substituent. The effect of temperature on the stability of the formed complexes was studied and the corresponding thermodynamic parameters (∆G, ∆H and ∆S) were evaluated and discussed. The stoichiometries of these complexes were determined conductometrically and indicated the formation of 1:1 and 1:2 (metal:ligand) complexes.
Introduction
Azo compounds of rhodanine were synthesized as potential medicinal preparations [1] . Their qualitative reactions with some elements were also reported [2, 3] . Sulfonamides were the first effective chemotherapeutic agents to be employed systematically for the prevention and cure of bacterial infections [4] . Although potentiometric studies of azo compounds have been studied extensively, little attention including azo compounds formed by interaction of sulfomamide drugs as ligands has been reported. The influences of the substituents on the proton affinity of the compounds were examined on the basis of inductive effects. The corresponding thermodynamic parameters are derived and discussed. Ionization potential and substituent effects on the stability constants were also investigated. Furthermore, the corresponding thermodynamic functions of complexation were evaluated and discussed. Moreover, the stoichiometries of these complexes were determined conductometrically at 298 K.
Experimental

Preparation of the azo compounds
The sulfonamide azodyes (I-III) were prepared [5] by the gradual addition of an aqueous solution of 0.01 mol of NaNO 2 to a conc. HCl 1:1 solution of 0.01 mole of N sulfonamide with stirring and kept for about 20 min in an ice bath at -10 °C. The formed diazonium chloride solutions were added gradually with vigrous stirring to 0.01 mole cold solutions of phenol(I),p-N(CH 3 ) 2 (II) and p-NO 2 (III) derivatives of phenol, respectively. After dilution the compounds (I-III) formed were filtered off and washed with water, the curde materials were recrystallized from ethanol and then dried in a vacuum desiccator over anhydrous calcium chloride. The purity was checked by elemental analysis, IR, melting point and 1 H NMR spectra; the compounds have the general structural formula 
Potentiometric measurements
The apparatus, general conditions and methods of calculation were the same as in previous works [6, 7] . The following mixtures were prepared and titrated potentiometrically at 298 K against standard 0.02 M NaOH in 30% (v/v) ethanolwater mixture: (i) 5 mL 0.005 M HCl + 5 mL 1 M KCl + 15 mL ethanol; (ii) 5 mL 0.005 M HCl + 5 mL 1 M KCl + 10 mL ethanol + 5 mL 0.01 M ligand.
For each mixture, the volume was made up to 50 mL with doubly distilled water before the titration. These titrations were repeated at temperatures of 308 and 318 K. A constant temperature was maintained to ± 0.05 K by using an ultrathermostat (Neslab 2 RTE 220). The pH-meter readings in 30% (v/v) ethanol-water mixture are corrected according to the Van Uitert and Hass relation [8] .
Preparation of metal ion complex
The complexes were prepared by refluxing sulfonamidazo derivatives in ethyl alcohol as solvent. Metal chloride solution complexes were prepared by dissolving equimolecular amounts of ligand and metal chloride in ethyl alcohol. The mixtures were refluxed for 10 hr. The complexes were precipitated, filtrated and washed with a large excess of distilled water to remove the metal chloride incorporated in the complexes.
Characterization of ligands-metal chloride complexes
IR spectra were recorded by means of a Perkin-Elmer Model 683 spectrometer. Samples were examined as KBr discs. For UV-vis spectroscopy the samples were investigated as a Nujol mull and the spectra recorded with a Perkin-Elmer λ 3B spectrophotometer. ESR spectra were recorded on a Varian E-g-xspectrometer equipped with an E 101 microwave bridge.
Results and discussion
Proton-ligand stability constants
The average number of protons associated with the ligands (I-III) at different pH values, n A , was calculated from the titration curves of the acid in the absence and presence of the ligand. Thus, the formation curves (n A vs. pH) for the protonligand systems were constructed and found to extend between 0 and 2 in the n A scale. This means that ligands have two dissociable protons (the enolized hydrogen ions of the hydroxyl group of the phenyl moiety). It can be seen that for the same volume of NaOH added the ligand titration curves had a lower pH value than the free acid titration curve. The displacement of a ligand titration curve along the volume axis with respect to the free acid titration curve is an indication of proton dissociation. The proton-ligand stability constants were calculated using the method of Irving and Rossotti [9] . The phenolic-OH group is known to be weakly acidic, indicating a stronger bonding between the proton and the oxygen atom. This means that the protonligand stability constant of sulfonamide moiety (pK 2 H ) should be higher than the phenolic group (pK 1 H ), due to the dissociation of -OH group The following general remarks can be pointed out:
(a) the maximum value of n was ≈ 2 indicating the formation of 1:1 and 1:2 (metal : ligand) complexes only; (b) the metal ion solution used in the present study was very dilute (10 -4 M), hence there was no possibility of formation of polynuclear complexes [10] ; (c) the metal ion titration curves were displaced to the right-hand side of the ligand titration curves along the volume axis, indicating proton release upon complex formation of the metal ion with the ligand. The large decrease in pH for the metal titration curves relative to ligand titration curves points out to the formation of strong metal complexes [11] ; (d) in most cases, the colour of the solution after complex formation was different from the colour of the ligand at the same pH;
(e) for the same ligand at constant temperature [12, 13] , the stability of the chelates increases in the order Mo 3+ > VO 2+ > UO 2 2+ > Co 2+ .
Furthermore, with increasing electronegativity of the metal ions, the electronegativity difference between a metal ion and the donor atom of the ligand will decrease. Thus, the metal ligand bond would have more covalent character [14, 15] , which in turn results in a greater stability of chelates compared to ligand ones. Moreover, the variation of the stability could be quantitatively accounted for by calculating the effective electric field strength F* of the central metal ion (F* = Z*/ r 2 ), where Z* and r are the effective charge and radius of the investigated cation, respectively. It is found that F* is higher for Mo 3+ than for Co 2+ , indicating its greater stability. were obtained from the conductometric titration. These studies gave filtration curves characterized by two breaks of the positions denoting the formation of 1:1 and 1:2 (metal: ligand) complexes. Therefore, the reaction between the metal ions and ligand occurs via the formation of a covalent linkage with the oxygen of the OH group (aryl-moiety) and the nitrogen of the azo group. The increase in conductance values upon titrating metal ions by ligand is probably due to the libration of the hydrogen ions from the OH during the complex formation; the decrease of the conductance value occurs due to the increase of the volume of the metal ion upon chelate formation, which is accompained by a decrease in the value of diffusion coefficient of the particle and the lowering of the charge on the metal ion through covalent bond formation with ligand. The nature of the complexes is: The determined values are given in Table 2 . Its inspection shows that the decrease in K values with increasing temperature suggests that the complex formation is exothermic and favourable at lower temperatures. This is verified from the negative values of ∆H. The negative values of ∆G reveal that all complexes under investigation are formed spontaneously in solution. The entropy values, ∆S, for all complexes are positive, indicating that the disorder of the system increases much more rapidly than the increase in the order taking place in the chelation. This stems from the fact that the order of the arrangement of the solvent around the ligand and the metal ion is lost when the complex is formed. Effect of substituent R on the stability of the complexes For the same metal ion, a plot of log K 1 versus Hammett's constant (σ R ), reaches a linear correlation with a correlation coefficient approaching unity. The statistical results are summarized in Table 3 . The linear correlation and the negative values of the slopes reveal that the complexation of (II) and its derivatives is governed by the effect of the substituent R and is also favoured by increased electron densities on the coordination sites.
Conductometric titration
In an attempt to gain further information about the dependence of the stability of chelates on the basicity of the ligand, a plot of log K 1 for (I) chelates νs. The intercepts obtained (0.51 and 1.07) correspond approximately to the basicity difference ∆pK H for the amidic proton. These differences were found to be 0.50 and 0.89, respectively [15] . This confirms that the basicity of the ligand is the main factor governing the stabilization of chelates of (II) and its substituted derivatives. In general, the complexation increases by increasing the electron density on the coordination site. The electron donor substituent p-N (CH 3 ) 2 increases the charge density leading to higher stability, while the electronattracting one (p-NO 2 ) decreases the charge density leading to less stable complexes. Therefore, the order of decreasing stability constants for the ligands with the same metal ion at constant temperatures, ionic strength and the dielectric constant of the medium is to II > I > III.
Effect of ionic strength and dielectric constant of the medium on the stability of the complexes
The variation of log K values with the ionic strength of the medium was investigated at 298.15 K and in 20% (v/v) ethanol-water. These values are listed in Table 4 . An inspection shows that the stability constants of the complexes of these ligands with UO 2 (II), as a typical example, decrease with increasing ionic strength of the medium, which is consistent with the Debye-Huckel equation [16] , i.e., the tendency of the metal ion to form complexes decreases in the presence of other ions in the system where the metal ion is screened or competed by other ions. On the other hand, as indicated from Table 3 , the order of increasing stability constant at various ethanol-water compositions is 20 < 40 < 50 < 60 < 70%, which is the same trend of increasing basicity of the ligands [15] and decreasing dielectric constant of different aquo-organic solvents. The decrease in the dielectric constants with increasing the organic solvent content in the solvent increases the stability of complexes containing either O-M or O-H links [17, 18] . This may be due to increased ion-ion interaction between the metal ion (or proton) and the anionic oxygen donor, surpassing the ion -dipole interaction between metal ion (or proton) and solved complexes. Moreover, for a particular composition (50 % v/v) of the solvent-water mixture, these values decrease as follows: dioxane-water > acetone-water > ethanol-water > methanol-water. This order is in accordance with decreasing 1/D and increasing basicity of the ligands [15] .
Solid complexes of chelation
For IR spectra of complexes with Mo(III), Vo 2 (I), Uo 2 (II) and Co(II) chlorides, the bands due to ν C-O are shifted to higher frequencies. This shift may be due to the increased covalence resulting from metal ion coordination. For bands at 450-600 cm -1 due to ν M-O , the presence of the two sharp intensity bands at 835 and 1690 cm -1 in the complexes indicates the presence of coordinated water molecules, compared with the IR spectral data of free ligand. The interpretation of the IR spectrum of the metal chloride complexes shows an absorption at 1780 cm -1 corresponding to γ-δ-unsaturated lactones, which could be the source of the formation of chelation. The new broad weak or medium intensity band observed in the IR spectra of the chelates at 3240-3125 cm -1 is probably due to ν OH of the water molecules. The strong band at 1660-1634 cm -1 in the spectra of the ligands assigned to ν C-O and the ν C-N at 1630-1605 cm -1 show a negative shift of ~ 10 cm -1 on chelation, indicating that the carbonyl oxygen and the nirogen of the azomethine group are coordinated to the M 2+ or M 3+ ions. The non-ligand bands occurring in the 490-430 cm -1 and 350-400 cm -1 regions may be tentatively due to the M-O and M-N stretching modes, respectively.
Electronic absorption spectra
The spectra of the solid complexes as nujol mulls show bands characteristic of the octahedral and tetrahedral forms, confirming the IR spectral data. The spectra of the chelates were also recorded in DMF solution. The change in ν(cm -1 ) values of the CT bands from those in the case of the nujol mull technique are consequent on the destruction of the crystalline state. Hence, the environment of the central metal ions differs in the solid state from that in solution. This is due to a distortion of the octahedral form tending to be tetrahedral or squareplanar of the same chelate, resulting from the dehydration of the complexes during the preparation of the mull. In conclusion, the complexation of p-N(CH 3 ) 2 sulfonamide azo-dyes substituted (II) with Mo(III), UO 2 (II), VO(II) and Co(II) is spontaneous, exothermic and entropically favourable. The stability of these complexes increases with increasing electron-repelling property of the substituent and the organic content in the media, while the rise of temperature and the increase of ionic strength of the medium decrease their stabilities. Furthermore, the present ligands may be used as an analytical reagent for the determination of the metal ions under investigation. This is due to the high overall stability constants which reflect the stability of the formed complexes under prevailing experimental conditions. Furthermore, the molecular structure of the metal complexes were elucidated.
